Objective: To determine the minimum number of days of dietary intake interviews required to reduce the effects of random error (day-to-day variability in dietary intake) when using the multiple-pass, multiple-day, 24-h recall method. Design: Cross-sectional study. Setting: University research department. Subjects: A total of 50 healthy non-smoking overweight and obese (body mass index ¼ 26-40 kg/m 2 ) adult men and women aged 39-45 years completed the study. Participants were randomly selected from volunteers for a larger unrelated study. Interventions: Each participant completed 10, multiple-pass, 24-h recall interviews on randomly chosen days over 4 weeks. The minimum number of record days was determined for each macronutrient (carbohydrate, fat, protein) and energy, for each gender, to obtain a 'true' (unobservable) representative intake from reported (observed) dietary intakes. Results: The greatest number of days required to obtain a 'true' representative intake was 8 days. Carbohydrate intakes required the greatest number of days of dietary record among males (7 days), whereas protein required the greatest number of days among females (8 days) in this cohort. Sunday was the day of the week that showed greatest variability in macronutrient intakes. Protein (Po0.05) and fat (Po0.001) intakes were significantly more variable than carbohydrate on Sundays compared with weekdays, for both men and women. Conclusion: A logistically achievable 8 days of dietary intake interviews was sufficient to minimize the effect of random error when using the multiple-pass, 24-h recall dietary intake method. Sunday should be included among the dietary interview days to ensure a 'true' representation of macronutrient intakes. This method can be confidently applied to small cohort studies in which dietary intakes from different groups are to be compared or to investigations of associations between nutrient intakes and disease.
Introduction
It is widely acknowledged that dietary intake cannot be measured without a degree of error (Beaton, 1994) . Nonetheless, the identification of certain sources of error and consequent strategies aimed at minimizing and limiting their impact has the potential to improve statistical power and to minimize bias in dietary intake studies.
Random error is an inherent part of dietary intake measurement, evident as the day-to-day variation in dietary intake both within (intra-) and between (inter-) individuals (Bingham, 1991; Beaton et al., 1997; Grunwald et al., 2003; Palaniappan et al., 2003) . Although intra-individual variation will have a component of day-to-day variation distinctive to each individual, between individual differences in dietary intake will also occur. Interindividual differences in dietary intake are usually a greater source of random error than intraindividual differences (Bingham, 1987; Palaniappan et al., 2003) , as gender, cultural and lifestyle factors may influence food choices in different ways (Bingham, 1987; Bellisle, 1999; Palaniappan et al., 2003; Jahns et al., 2004) .
Historically, the aim in addressing random error in dietary intake methodologies has been to improve the precision and accuracy of the instruments (Black et al., 1983; Bingham, 1991 Bingham, , 1987 Block and Hartman, 1989; Mertz, 1992; Robertson et al., 2005) . Although similar methods produce similar results with respect to precision (Bellisle, 1999) , accuracy should still be improved (Mertz, 1992) . Therefore, to be satisfied that a 'true' intake (accuracy) for an individual or population has been measured, the number of days of recorded dietary intake must be sufficient to minimize the effects of intra-and interindividual variability. Statistical formulae have been described (Black et al., 1983; Nelson et al., 1989; Palaniappan et al., 2003) that facilitate calculation of the number of days of dietary records required to minimize the effects of bias and random error when comparing average nutrient intakes between individuals or groups. Many researchers (Guyatt et al., 1987; Block and Hartman, 1989; Potosky et al., 1990; Spiegelman et al., 1997) have suggested increasing the number of days of measurement to gain a cross-sectional representation of usual intake, using various dietary record instruments to equate this measurement with a 'true' intake. However, definitive quantification of a realistic number of days of dietary records has been lacking when applied to the multiple-day, multiplepass 24-h recall method for an overweight and obese adult population.
Other factors that affect the accuracy and precision of individual or population dietary intake measurements include the proneness of the dietary measurement instrument to error (Block and Hartman, 1989) . The multiple-day, multiple-pass, 24-h dietary recall method was chosen for the current study. Compared with single-day 24-h recalls, multiple-day food intake records (food diaries) and weighed food records, this method of dietary data collection is currently accepted as a more accurate measurement of true intake among respondents (Bingham, 1991; Bingham et al., 1994; Beaton et al., 1997; Hebert et al., 1997; Vuckovic et al., 2000; Dodd et al., 2006) , particularly if the day and time of the recall is unannounced (Johnson, 2002) .
The multiple-pass, multiple-day, 24-h recall methodology is designed to reduce the error-proneness of the dietary measurement instrument by putting the onus on the interviewer to minimize bias error, through the provision of additional but subtle memory cues during the dietary interview process. This approach helps to ensure that often omitted or forgotten foods and fluids are remembered (Guenther et al., 1997; Jonnalagadda et al., 2000) and is further achieved with three successive interviews (also referred to as three 'passes'). Each subsequent pass is slightly more structured than the preceding interview, allowing the opportunity to correct any inaccurately recalled or forgotten foods and fluids.
The aims of this study were twofold. The multiple-day, multiple-pass, 24-h recall method was investigated as a feasible instrument-design strategy to accurately measure usual dietary intakes. The minimum number of dietary intake days required to minimize the effect of random error was also determined from a free-living population of overweight and obese men and women. This work was undertaken to inform design for future studies in which comparison of the average nutrient intakes of different groups is required.
Subjects and methods

Participant characteristics
Fifty overweight and obese (body mass index (BMI) ¼ 26-40 kg/m 2 ) adult participants (22 males; 28 females) completed the study. All participants were from a Caucasian background, and were residents of a large Australian capital city. The cohort for this study was part of a larger unrelated study. Table 1 shows the mean age (years), height (meters), weight (kilograms) and BMI (kg/m 2 ) for all participants. Inclusion criteria required that participants were not following nor intending to follow any specific dietary prescriptions during the course of the data collection period. Dietary advice was not provided to participants during this study, in order to minimize any bias afforded by intentional dietary manipulations. However, upon completion of the study, participants were offered a free dietary consultation with an Accredited Practising Dietitian.
Dietary assessment
Dietary intakes were recorded as multiple-day (n ¼ 10), multiple-pass (n ¼ 3), 24-h recall interviews. Dietary interviews were conducted by telephone over a period of 4 weeks and with the exception of Saturday all days of the week were recorded. Interview days were chosen at random for each participant without prior notification of day or time, and were conducted by an experienced Accredited Practising Dietitian. Portion sizes were estimated for foods and fluids by comparing with reference foods and fluids in a booklet of 2-D photographs, issued to each participant before commencement of the study. Use of the portion-size comparison booklet was explained at the commencement of the study and at the beginning of each dietary interview. Participants were encouraged to use the booklet during the dietary interviews. Dietary intakes were assessed using Serve Nutrition Management System software (M & H Williams, Sydney, Australia). Calculations of the minimum numbers of days of dietary records required were based upon macronutrient (total carbohydrate, fat and protein) and total energy intakes. Alcohol intake was omitted from the calculations owing to the large intake variation among individuals in this study. Only three of the study participants consumed alcohol during the data collection period. The remaining participants reported that alcohol was not usually part of their regular dietary intake, and was not consumed during the data collection period.
Statistical calculations
Calculations using equation 1 (Black et al., 1983; Nelson et al., 1989; Palaniappan et al., 2003) determined the number of dietary interview days (D) required for each macronutrient and total energy intakes, to minimize the effects of random error and maximize accuracy and precision of the dietary intake measurements.
The desired correlation (r) between reported and 'true' (unobservable) dietary intakes was set at 0.9, in order to determine the number of days required to achieve a strong positive statistical relationship. Means and standard deviations of the mean (s.d.) were calculated for all macronutrient intakes. A mixed model analysis of variance with a random effect for subjects was used to examine the effects of gender, week and day of the week on the mean and variability of each macronutrient (carbohydrate, fat and protein) and total energy intake. An approximate likelihood ratio w 2 test followed by a post hoc
Bonferroni test adjusted for number of comparisons, compared Sunday meals and snacks for differences in variability of macronutrient intakes. Statistical analyses were performed using the SAS statistical software, version 9.1 (2003) (SAS Institute Inc., Cary, NC, USA); with Po0.05 considered significant.
Ethical approval Data collection procedures were approved by the Queensland University of Technology Human Research Ethics
Committee. Written informed consent was obtained from all study participants before commencement of the study.
Results
Data collection
Although dietary intakes were recorded for all days, assessment data for Fridays and Saturdays were omitted from the results, as an insufficient number of participants were available on the following days for the 24-h recall interviews. Consequently, Sunday was used as the representative weekend day and Monday to Thursday (inclusive) represented weekday dietary intakes.
Number of required interview days
The greatest number of days of dietary intake interviews required to achieve a statistical correlation (r) of 0.9 between observed and unobservable 'true' dietary intakes was 8 days (Table 2 ). Among males, carbohydrate intake required the greatest number of days of dietary records (7 days). Protein intakes required the greatest number of dietary intake interviews (8 days) among females (the greatest number of dietary interview days overall). These calculations were based on all recorded days, Sunday to Thursday.
Average macronutrient intakes
Mean intakes for all macronutrients were examined for dayto-day variability, separated by gender (Table 3) . Intake data for all macronutrients were distributed normally. Sundays were compared with recorded weekdays (Monday to Thursday). Both males and females showed greater variability (variance) in carbohydrate intakes on Sundays compared with weekdays, but this difference was not statistically significant. Protein and fat intakes were significantly more variable (Po0.05 and 0.001, respectively) on Sundays compared with any weekday, for both males and females. The day-to-day variance reflected both intra-and interindividual variability in macronutrient intakes. Among females, carbohydrate intake on Wednesdays was significantly more variable (Po0.05) than for other weekdays, due mainly to variant intakes for two participants because of ill-health. For both males and females, Sunday was the most variable day for protein and fat intakes, which was significantly different (Po0.05 and 0.001, respectively) from their intake variability on weekdays. Sundays were subsequently examined for meal variability among males and females for protein (Table 4 ) and fat (Table 5) intakes.
Meal and snack variability on weekends Considerable variability in protein intake was evident among males and females for all meals and snacks (Table 4) , as many participants omitted one or the other during Sundays. As a consequence, the numbers of recorded intakes for each of the snacks were too small to afford appropriate statistical power, and comparisons of intake variability between snacks and main meals were not valid. In addition, the magnitude of protein intakes differed for main meals (breakfast, lunch and dinner) compared with snacks to such an extent that statistical comparison of their variance (variability in intake) was not possible. However, comparison of main meals with each other (Table 4) showed that for males, both lunch (Po0.01) and the evening meal (dinner) (Po0.001) had significantly more variable protein intakes compared with breakfast on Sundays, although there was no significant difference in the variability of protein intakes between lunch an dinner. Females also demonstrated equal variability in protein intakes at lunch and dinner on Sundays (Table 4) , whereas these meals were significantly more variable (Po0.01 and 0.001, respectively) than breakfast. Similar to males in this study, variability in protein intakes among females for each of the snacks on Sundays was mainly a function of no intake by many participants, whereas there were large interindividual differences in protein intake among those who consumed snacks. Similar to protein intakes, there was a large variability in dietary fat intakes among males and females for all meals and snacks on Sundays (Table 5 ). The variability in fat intake for snacks was not compared with that for main meals, owing to the small numbers of reported food intakes for Sunday snacks compared with main meals. The variability in fat intake for main meals was compared with lunch significantly more variable than breakfast and dinner for both males (Po0.01) and females (Po0.05).
Discussion
This study found that, using the multiple-pass 24-h recall interview method, 8 days of dietary records were required to minimize the effect of random error (day-to-day variation in dietary intake) in a cohort of overweight and obese men and women (Table 2) . Similar studies using the ratio of betweenperson to within-person variance (Eq. 1) have found a minimum of 6 days of dietary intake records is required for adult males and 11 days for adult women (Domas et al., 1997) ; 6 days for men and 8 days for women (Nelson et al., 1989); 6 days for both women and men (Basiotis et al., 1987) ; and between 2 and 6 days for both women and men, depending upon the nutrient of interest (Palaniappan et al., 2003) . However, comparisons between studies are limited as different dietary intake methodologies were used in each of the aforementioned studies, thereby presenting different sources and magnitudes of random error. Carbohydrate showed the most variable macronutrient intake among males and protein among females (Table 2) when all recorded dietary intake days were considered. When weekend versus weekday variability was investigated (Table 3) , it was found that there was no significant difference in variability of carbohydrate intakes between the recorded weekend and weekdays for males, suggesting that carbohydrate intakes were equally variable for all recorded days. Requiring the least number of dietary interview days (Table 2) , carbohydrate intakes were the least variable of the macronutrients for females, with no significant difference in weekend versus weekday variability (Table 3) , with the exception of Wednesdays. This mid-week variability in carbohydrate intake for females was an anomalous observation, owing to two participants who reportedly varied their dietary intakes on this day because of illness. Nonetheless, these results suggest that contrary to the male cohort in this study, carbohydrate intakes among females were generally less variable across all recorded days, including the weekend. Furthermore, as protein intake required the most number of days of dietary interviews for any macronutrient for both genders, it was not surprising that weekend variability in protein intakes were significantly greater than weekday variability (Table 3) .
In addition to protein, there was significantly greater variability in fat intakes on Sundays compared with weekdays for both males and females (Table 3) , consistent with earlier research that reported variability in dietary intakes on weekends (Post et al., 1987; Haines et al., 2003) . Sunday is the day of the week that is more likely to involve social activities around food, with less-structured food choices and mealtimes compared with weekdays. This was reflected in both genders where there was significantly greater variability in protein intakes for lunch and dinner compared with breakfast on Sundays (Table 4) , whereas fat intakes were significantly more variable for lunch among males and females compared with breakfast and dinner ( Table 5 ). The less variable protein and fat intakes for Sunday breakfast in this cohort of overweight and obese men and women reflected their almost universal preference for a traditional Australian cooked breakfast of bacon and eggs, compared with cerealbased breakfast foods consumed during weekdays. Such differences in food choices for Sunday breakfast compared with weekdays may reflect greater intraindividual variability on weekends as indeed, the consumption of eggs among adults is reportedly greater on weekend days than weekdays (McLennan and Podger, 1999) .
Meals were less standardized in nutrient content and lessstructured in timing throughout the remainder of the day, evident from the significantly more variable protein intakes for lunch and dinner and more variable fat intakes for lunch, observed among both males and females on Sundays. Much of the Sunday lunch and dinner variability reflected the wide range of food choices typical for Australian weekend lifestyle practices in which various take-away meals and casual meals such as outdoor barbecues were common, whereas their consumption during weekdays was less prevalent. This observation was not unexpected as weekend changes to habitual weekday food choices are commonly observed among urban Western populations (Post et al., 1987; Haines et al., 2003) .
Omission of some of the meals or snacks by some of the participants but not others in this study, also reflect a less formal weekend structure to meal timing. Furthermore, the artificial structure of dividing a day into eating pattern categories (meals and snacks) may mask the true pattern of intake for some individuals, particularly on Sundays, whose eating pattern might be better described as 'grazing'. This eating pattern may have more intraindividual structure than is apparent from the artificially structured dietary interview, which may lead to falsely elevated measures of variability in macronutrient intakes when meals and snacks are compared. Indeed, others (Westerterp-Plantenga et al., 1996; Kerver et al., 2006) have found that the pattern of dietary intake on any given day influences the nutrient intake variability of that day. Therefore, if dietary intake records are structured in a way that does not reflect a 'true' pattern of intake for an individual, an inaccurate representation of the pattern (meals and snacks) of dietary intakes on weekends may be falsely interpreted as random error associated with weekend versus weekday variability in nutrient intakes. However, this would not affect whole-day macronutrient intake comparisons between Sundays and weekdays.
Bias (systematic underreporting) was not tested in this study, although it is recognized that overweight and obese individuals systematically underreport total energy intake (Lissner et al., 1989; Heitmann and Lissner, 1995; Johansson et al., 1998; Poppitt et al., 1998) , with a greater prevalence among women than men, irrespective of weight status (Mirmiran et al., 2006) . In particular, energy from snack foods is significantly underreported among obese women (Kerver et al., 2006) . In the study reported here, application of conversation analysis principles (Tapsell et al., 2000) should have improved the accuracy of reporting for both meals and snacks, although this was not directly tested. Normal day-to-day variability in intake is likely to contribute more to overall error than underreporting, as no difference in underreporting of energy intake between weekdays and weekend days has been reported in overweight women (Heitmann and Lissner, 1995) , although similar findings have not been reported for men. However, results from this study should not be considered invalid by the possible presence of systematic error, as the aim was to compare within-person to between-person variance in dietary intake and the impact of this type of error on the multiple-day, multiple-pass, 24-h recall dietary intake method.
This study shows that 8 days of multiple-pass 24-h recall interviews are required to minimize the effect of random error in the assessment of dietary intake data among overweight and obese men and women if a correlation of 0.9 between reported and true intake is desired. Furthermore, as weekend-day dietary intakes were significantly more variable for both men and women compared with weekdays, it is important that weekend dietary intake data are included in any dietary assessments where a 'true' representation of habitual dietary intake measurement is required. However, use of this methodology is likely to be limited to small cohort studies in a research setting, as 8 days of 24-h dietary recall interviews per participant can be time-consuming and ideally requires a trained dietary interviewer such as an Accredited Dietitian, which could be financially prohibitive in larger research studies and clinical settings. Nonetheless, this method of dietary intake assessment can be confidently used in small studies that require a comparison of dietary intakes from different treatment groups or investigations of associations between nutrient intakes and disease, where accurate measurements of true dietary intake is essential.
